The paper explores whether Newtonian gravitation is mediated by force fields, and, if so, whether it can explain known gravitational phenomena. In conformity with the historical and conventional practice, the paper presents a physical model in which gravitational forces among objects are mediated by those force fields which are associated with the mass and momentum properties of the objects. The model explains: gravitational forces among masses, between mass and light, among photons, and among electromagnetic waves; gravity's effect on spectral lines, time periods of atomic clocks, rays of light, and lengths of material rods. The model addresses: Mercury's orbital precession rate; the pioneer anomaly; gravitational radiation from accelerating masses. It advances suggestions for detecting gravitational radiation and measuring its speed. The model re-discovers: gravitational deflection of light rays, shift of spectral lines, and dilation of time periods of atomic clocks; gravitational shrinking of elliptical orbits. The literature reveals that the Newtonian gravitational field can account for Mercury's orbital precession rate. The model finds that all or a portion of the pioneer anomaly can be due to minute changes in gravity at the spacecraft. It estimates gravitational radiation energy emissions from the moon, the planet Mars, and the Hulse-Taylor binary pulsars. It proposes that a lunar satellite may serve as a platform for detecting the gravitational radiation and measuring its speed.
The Gravitation Model
We define mass field and momentum field of Assumptions (1) and (2).
The mass field M at a distance r from an object of mass m is defined as:
where S is the mass-field coefficient, which is the strength of the mass field of an object of 1 kg mass at 1 m. The mass field extends out to infinity and is uniform in all directions. The momentum field P at a distance r from an object of momentum p is defined as:
where D is the momentum-field coefficient, which is the strength of the momentum field of an object of 1 kg-m/s momentum at 1 m in the direction of momentum. The momentum field is not uniform in all directions. The effective momentum field rangeq of an object with momentum p is defined as:
where σ is the momentum field range coefficient. An object with momentum of 1 kg-m/s has an effective momentum field range of σ m. The sum of momentum field range q 1 of object-1 and q 2 of object-2 is thus:
Gravitational force F s between object-1 and object-2 with mass m 1 and mass m 2 respectively is mediated by their mass fields as defined in (1) In analogy with electrodynamics, as like charges repel, so would like gravitational charges. That is, F s is repulsive.
Gravitational force F d between object-1 and object-2 with momentum p 1 and momentum p 2 respectively is mediated by their momentum fields as defined in (2):
In analogy with electrodynamics, as parallel currents attract, so would parallel gravitational currents. That is, F d is attractive or repulsive as the angle between p 1 and p 2 is acute or obtuse.
The dimension of S/D is of the square of speed, which we denote by b. In electrodynamics, the speed of light depends on the constants of the media: 1/(ε 0 μ 0 ) = c 2 , where ε 0 is electric permittivity, μ 0 is magnetic permeability, and c is the speed of electric-magnetic (electromagnetic) wave in vacuum. By analogy, as the constants of the media in this model are S and D, the speed (b) of mass-momentum (gravitational) wave may be expressed by:
Estimations and measurements of constants S, D, b, and σ will be presented in later sections. Figure 1 shows an arbitrary sector of the universal sphere with center at the Primordial Point O, the space-time "point" where the universe originated. The Primordial Point is the primary space-time reference point for all objects in the universe. 
Universal Gravitation
For non-zero-mass objects, we set p = mu, where m is mass and u is speed, and re-express (8) as:
( ) 
At r>q 12 , mass fields are predominant. From (5) , (6), and (7), gravitational force between objects O 1 and O 2 is: 
Equations (8), (9), and (10) are the Universal laws of gravitation. The terms in the three brackets are the universal gravitational "constants," which are not constant as they vary with velocities u. That is, the universal gra- vitational forces have been evolving across space and with time since the universe began.
We simplify (8), (9), and (10), because the present-day velocity u of the solar system, or of the Milky Way galaxy, is not known. The age of the universe is large (about 14 BY). So, in Figure 1 , r 1 → ∞, r 2 → ∞, and cos α → 1. There are no evidences of the solar system or the Milky Way galaxy flying apart at present, so, we set u 1 ≈ u ≈ u 2 . Under these present conditions, Equations (8), (9), and (10) respectively become: 
Equations (8), (9), and (10), or simplified (11), (12), and (13), are the three Newtonian laws of gravitational forces for zero-mass and non-zero-mass objects in the universe.
Equation (12) ; however, on the human space-time scale, as u is virtually constant, G and Γ are virtually constant.
Based on (12) and (13), Table 1 shows the signs of gravitational interaction between non-zero-mass objects: attractive if r ≤ q 12 regardless of the value of u; and repulsive, attractive, or zero if r > q 12 depending on u/b.
Matter-Energy Gravitational Interaction
A matter object of mass m and an energy object of energy E gravitationally interact via their momentum fields. Using (11), with p 1 = mu and p 2 = E/c, the gravitational force between them is:
where κ is mass-energy gravitational coefficient:
Gravitational Interaction between Electromagnetic Waves and between Photons
Photons and electromagnetic waves do not possess mass, but they have momentum.
Gravitational force between photons (p = E/c) is mediated by their momentum fields. From (11) , the force is:
Gravitational force between electromagnetic waves (p = h/λ, h is Planck's constant) is mediated by their momentum fields. From (11) , the force is: 
We take photons of E ~ 10 6 MeV or electromagnetic waves of λ ~ 10 -18 m, separated by r ~ 10 -18 m. From (16) and (17) , gravitational force between the photons or between the electromagnetic waves is of the order 10 -22 nt. Equations (8)- (15) hold at arbitrary velocities (υ) and moment a (p) as well.
Vibrating Particle in Gravitational Field
We derive the change in frequency (ν) of vibration of a particle as its position relative to a mass (m) changes. The mass, at r = 0, is a perfect sphere of radius R. The particle's energy E is proportional to ν. Their momentum fields mediate the gravitational attraction between the mass and particle in accordance with (14).
Vibrating Particle outside the Mass
As the particle is moved from r = r ≥ R to r = (r + x), the change in its energy is given by: 
Carrying out the integration, we have:
The fractional term > 1, thus ν r < ν x . 
As x → ∞, Equation (19) reduces to:
If the vibrating particle serves as an emitter of light, its wavelength (λ) at the sun and at infinity, from (21), (20) , and data A(c, d), are related by:
1 4.433 10
or, (λ R -λ∞)/λ∞ = 4. 433 × 10 -6 . That is, spectral lines produced at the sun are redshifted by about 4.433 × 10 -6 of their wavelengths compared to those produced at infinity. Wavelengths as emitted are longer closer to the mass.
If the vibrating particle serves as an atomic clock, its time period (τ) at the earth and at infinity, from (21), (20) , and data A(e, f), are related by:
or, (τ R -τ∞)/τ∞ = 1. 454 × 10 -9 . That is, the interval between adjacent beats of an atomic clock at the earth is dilated by about 1.454 × 10 -9 of the interval between adjacent beats at infinity. Time runs slower closer to the mass.
Vibrating Particle inside the Mass
As the particle is moved from r = 0 to r = r ≤ R, the change in its energy is given by:
where m r = (4/3)πr 3 ρ is the mass contained within r = r ≤ R, and ρ is mass density. Carrying out the integration, we have:
The term in the bracket < 1 but > 0, thus ν 0 < ν r . The particle vibrates at lower frequency closer to the center of the mass.
Light wavelength at the surface and at the center of the sun, from (25), (20) , and data A(c, d), are related by:
( )
or, (λ 0 -λ R )/λ R = 2.22 × 10 -6
. That is, spectral lines produced at the sun's center are redshifted by about 2.22 × 10 -6 of their wavelengths compared to those produced at its surface. Wavelengths as emitted are longer closer to the center of the mass.
An atomic clock's time period at the surface and at the center of the earth, from (25), (20) , and data A(e, f), are related by:
or, (τ 0 -τ R )/τ R = 7.27 × 10 -10
. That is, the interval between adjacent beats of an atomic clock at the earth's center is dilated by about 7.27 × 10 -10 of the interval between adjacent beats at the surface. Time runs slower closer to the center of the mass.
Material Rod near a Mass
We address the change in the length of a rod of mass m' as its position relative to another mass m ( m') changes from r = r ≥ R to r = ∞.
We consider an ideal rod constituted of atoms of mass δm' ( m') and charge e spaced equally by d. Such an atom, under the electrostatic forces of its neighboring atoms, undergoes oscillations with period τ as given by:
where n is a parameter characteristic of the rod. (Appendix C, by example, shows that n = 3 for a one-dimensional rod.) The gravitational field of mass m affects the oscillations of δm' according to (21) . Substituting (28) in (21), we get:
In (29), d r > d∞. The rod is longer closer to the mass. A thin wire (n = 3) is longer at the earth's surface by about 9.7 × 10 -10 of its length at infinity. If the gravitational field is uneven over the rod, it elongates unevenly.
Vibrating Particle and Point-Dense Mass
A mass of infinitely high point-density may be indicated by m/R → ∞. An example of such a mass would be a so-called black hole.
From (21), as m/R → ∞, τ R /τ∞ → ∞. Time period at the surface tends to infinity; time virtually stops running.
From (21), as m/R → ∞, λ R /λ∞ → ∞, subject to λ R v R = c. At the surface, light travels at c with nearly flat waveform.
From (29), as m/R → ∞, d R /d∞ → ∞. At the surface, rod flattens to the point where it disintegrates.
Vibrating Particle and No Mass
For a vanishing mass, its point density m/R → 0/0, which is an indeterminate. From (21) , as m/R → 0/0, (τ R -τ ∞)/τ∞ → 0/0. One plausible interpretation would be τ R → τ∞ → 0; that is, time periods may cease to exist in the absence of mass. The effect of other fundamental fields on time and length is not known.
Constants and Parameters
We estimate S, D, b, σ, Γ, and u; κ was estimated in (20) . 
2) We estimate σ using the sun's momentum field range. From (3), (30), and data A(c, g), we have:
5.26 10 s kg
That is, a mass with momentum of 1 kg-m/s has an effective momentum field range of the order 10 -24 m. From (3), (30), (32), and datum A(h), the black hole at the center of the Milky Way would have mass of 6.3 × 10 36 kg.
3) We take electrical force (F e ) and gravitational force (F g ) between two particles of charge e (1.602 × 10 -19 coul) and mass m (4.0 × 10 -29 kg), intermediate between a proton and an electron. From Appendix D, the speed (b) of gravitational radiation is copied below, where Q is Coulomb's constant:
From (33), (7), (31), and data A(i, j), we calculate:
- 11 2 2 1.442 10 nt-m kg
5.231 10 nt-m kg present-day 
Select Gravitational Phenomena
We address the following select gravitational phenomena.
Gravitational Deflection of Light at a Mass
In Appendix E, Equation (E.9) shows that the gravitational deflection θ of a ray of light with impact parameter d at a mass m is given by:
). For a ray of light grazing the sun, we have, from (40), (20) , and data A(c, d), the gravitational deflection angle θ ≈ 1.83 arc-secs.
(The 1919 expedition determined the deflection to be 1.75 arc-secs [3]; the 1929 expedition yielded 2. From (40) we may infer that light with impact parameter d ≤ R at a black hole might turn back toward its source.
Escape Radius for Light near a Mass
To escape a mass m, light must be outside a critical impact parameter R e , which, from (40), is given by:
From (41), (20), (30), (32), and datum A(h), the black hole at the center of the Milky Way has R e ≈ 10 10 m. As if they were points, the sun and the earth would have R e ≈ 3 km and 1 cm respectively.
Mercury's Orbital Precession Rate
An observer measures Mercury's orbital precession rate to be 5600 arc-secs/century. After filtering out the observer-planet relative motions, a 575 arc-secs/century is left over, which has been accounted for:
1) Price and Rush [7] show that the cumulative Newtonian gravity of planets Venus through Saturn contributes about 532 arc-secs/century. Each planet is replaced by a ring of uniform linear mass density to get a fairly accurate time-averaged effect of the moving planets. The force exerted by each planet on Mercury is directed outward, opposite to the force exerted by the sun.
2) Biswas [8] shows that a Lorentz covariant modification of the Newtonian potential contributes about 43 arc-secs/century. A second-rank symmetric tensor is introduced into special relativity as a potential rather than a metric.
3) Barwacz [9] shows that using an object's total energy rather than its rest mass in a Newtonian gravitational field predicts Mercury's orbital precession rate as observed.
The Pioneer Anomaly
The masses in the universe do not have exactly the same primordial velocity u; that is, G and Γ are not constant across space and over time. Even an infinitesimal change in u changes G and Γ, which leads to the perturbation of trajectories and orbits. A change in u may be caused by a local force, such as of gravitational, electromagnetic, thermal or other origin.
From (12), a small change Δu in u of a mass at r from another mass leads to a small change ΔG in G and a small change Δa in a (acceleration) as given by:
We now address the Pioneer anomaly. The Pioneer-10 and Pioneer-11 spacecraft, after they passed about 20 AU on their trajectories, were observed to have an additional acceleration of Δa ≈ (8.74 ± 1.33) × 10 -10 m/s 2 toward the sun [10] [11] . From (42) , an increase of 0.00296% in u of the spacecraft leads to an increase of 0.00592% in G at their sites resulting in additional acceleration of Δa = 8.74 × 10 -10 m/s 2 toward the sun. That is, even a small variation in u (or G) at the site can account for all or a portion of the observed additional acceleration.
Gravitational Radiation from an Accelerating Mass
We derive gravitational Larmor's formula. We follow Thomson's treatment of electromagnetic radiation from accelerating charges [12] . Figure 2 shows a mass m of momentum p at time t = 0, which accelerates at a for dt, gains speed by dυ ( υ), and continues for t ( dt). We examine the effects of acceleration a on the momentum field P and its components. A field vector is continuous and changes to it propagate at a finite speed (b). So, momentum-field component 0-A-B at t = 0 turns into t-C-A-B at t = t. We resolve momentum-field section C-A into radial momentum field P r . and transverse momentum field P t . Radial P r drifts at υ but propagates radially at b. Transverse P t changes from zero to amplitude P t and back to zero in dt; this is gravitational radiation pulse propagating outwardly at speed b.
The geometrical ratio of transverse to radial momentum fields is:
where the radial momentum field P r is given by (2) as: October 2015 | Volume 2 | e1921 
Substituting (44) in (43) and using t = r/b and dυ/dt = a, we get:
Radial momentum field P r varies with 1/r 2 , and transverse momentum field P t with 1/r. That is, transverse P t survives over radial P r at greater distances.
We define gravitational Poynting intensity I (watt/m 2 ):
Substituting (45) in (46), we get gravitational radiation intensity I t due to transverse P t : Gravitational radiation intensity I t falls off as 1/r 2 and its angular variation is shown in Figure 3 (a), which is a four-lobed quadrupole pattern. Figure 3(a) , in turn, shows that gravitational radiation accelerates a mass at 45˚ to its propagation direction.
In contrast, the angular variation of electromagnetic radiation pulse intensity is shown in Figure 3(b) , which, in turn, shows that electromagnetic radiation accelerates a charge at 90˚ to its propagation direction.
Gravitational radiation power (Ω) emitted is given by integrating (47) over all directions as follows:
If p and a are orthogonal, the magnitude of p stays constant, but its direction changes uniformly; that is, no momentum-field pulses develop. Thus, circular orbits are gravitationally stable, as masses in circular orbits do not emit gravitational radiation. Masses in motion in eccentric orbits or on arbitrary trajectories gravitationally radiate.
In contrast, a charge even in a circular orbit emits electromagnetic radiation. Carrying out the integration in (48), we get gravitational Larmor's formula:
A mass with motive power of pa ≈ 10 25 watts emits gravitational radiation power of about one watt. A charge emits electromagnetic radiation power proportional to (ea) 2 .
Gravitational Radiation from Elliptical Orbits
We address gravitational radiation from masses in elliptical orbits. Appendix F details the derivations of Equations (50)- (55).
From (49), gravitational radiation power Ω emitted from a point (r, θ) on the orbit is given below: 
From ( 
From (50) and (51), the variation of Ω with θ is shown in Figure 4(b) , which shows the emission of gravitational radiation power in a pair of pulses with peaks Ω max at θ + and θ -in an orbital period.
Gravitational radiation energy E o emitted in an orbital period τ is given by integrating Ω(θ) in (50) as follows:
or,
this is similar to the Peters' formula [13] . Change ΔA in A and change Δτ in τ due to the loss of gravitational radiation energy E o per orbital period τ are:
Gravitational Radiation Power from Orbiting Bodies
Appendix G has the details on the emissions of gravitational radiation power from the moon, Mars, and the Hulse-Taylor binary pulsars (PSR B1913+16). The moon emits peak gravitational radiation power at about 2306 watts. The semimajor axis is shrinking at 4.34 × 10 −15 m/period. Mars emits peak gravitational radiation power at, very low, less than one watt. Pulsars PSR B1913+16 emit peak gravitational radiation power at about 1.67 × 10 26 watts. Consequently, the semimajor axis is shrinking at 3.71 mm/period. The observed shrinking rate is 3.1 mm/period [14].
Measurements
We suggest measurements for b, u, and σ: 1) Appendix H has the outlines for measuring b. 2a) Appendix B presents two approaches for determining the magnitude of velocity u. 2b) We are unable to make a suggestion for determining the direction of u of the solar system or the Milky Way.
3 ). Gravity elongates a rod. Measurements may be made of Bragg's reflection/diffraction of X-rays from a crystal at the earth and at an altitude. The spacings between the atoms of the crystal would be relatively larger at the earth. Equations (19) and (28) and Bragg's law are applicable.
Antimatter Gravitation
Antimatter has the same mass property as its counterpart matter but equal and opposite value of some other property. Negative mass is considered to be nonexistent. The model applies as is to antimatter-antimatter gravitational interactions. The model applies to matter-antimatter gravitational interactions; however, if antimatter mass were negative, Equations (5) and (6) would have their signs reversed.
Conclusions
Newtonian gravitation can be mediated by mass fields and momentum fields. There are three forms of Newtonian gravitational forces, which are applied to zero-mass and non-zero-mass objects in the universe.
Appendix I lists the results, including the new predictions. The model agrees on the observed values directionally and correctly and within an order of magnitude. Several ancillary deductions and inferences found in the literature are consistent with the model. On gravitational radiation, however, the model differs from the "accepted" views.
Epilogue
Faraday introduced the concept of field in physics. Classical physics introduced (classical) gravitational field and electromagnetic field. Modern physics introduced the strong nuclear field and the weak nuclear field. General relativity introduced space-time geometry field for gravity. This model introduces mass-momentum field for gravity.
Electromagnetic and gravitational interactions are similar in some aspects. They are repulsive and attractive and mediated by respective electric-magnetic and mass-momentum fields associated respectively with the mass and charge properties of the interacting objects. Charge fields extend out to infinity, so do mass fields.
Electromagnetic and gravitational interactions are not similar in some other aspects. Electromagnetic interactions occur when charge is present; so do gravitational interactions when mass is present, but they can occur even if the mass is zero. Charge is positive or negative, but mass is known to be positive only. Current has its magnetic field extending out to infinity; momentum has its momentum field, which is effectively (not finitely) limited in range and direction. Positive and negative charges and magnetic poles are equally abundant in nature; positive masses are abundant in nature, but negative masses are known to be non-existent; that is, electric and magnetic forces can be shielded, but gravitational forces may not be.
In strength, gravitational force differs starkly from electromagnetic force: the former is about 10 4˚ times weaker than the latter. Mass (momentum) fields are about 10 3˚ times weaker than electric (magnetic) fields. That is, mass fields and momentum fields are not as noticeable on the earth as are electric fields and magnetic fields.
As the Primordial velocity u has been varying across space and with time, so have been the gravitational forces. That is, gravitational forces have been evolving more or less differently in different regions of the universe since the universe began and are attractive present-day. Only in localized space-time regions, respective G and Γ are constant.
In the literature, more than one theory has been advanced to explain the Pioneer anomaly-thermal recoil has the most support [11]-but none considers minute variations in the gravity (or G) at the spacecraft.
Our extensive knowledge of gravitation notwithstanding, detecting and deciphering gravitational radiation has been not satisfactory. More than one theory can explain several gravitational phenomena, but one and only one theory shall explain gravitational radiation. There are indirect evidences of the existence of gravitational radiation but no direct evidences so far on the physics (speed, structure, polarization, propagation, emission, and absorption) of gravitational radiation. A measure of the speed of gravitational radiation is as crucial to understanding gravitation as was the speed of light to understanding electrodynamics. The model suggests experiments for detecting gravitational radiation and measuring its speed.
Beyond microscopic levels, besides electric-magnetic fields and associated objects, the universe is filled with mass fields and momentum fields and associated objects.
We had set the boundaries for this part of the model. We now present our rationale: 1) Non-gravitational and other extraneous effects were ignored. Measurements of such astronomical phenomena as spectral shifts, deflections of light rays, the Pioneer anomaly, and the shrinking of the orbits of binary stars have been performed with high accuracy. However, it has been not possible to place complete confidence in the accounting and contributions of non-gravitational and other extraneous effects to those measurementsespecially when the associated magnitudes are very small and in astronomical settings. (Examples of non-gravitational effects: electric, magnetic, etc. Examples of extraneous effects: systemic, Doppler, thermal, stellar accelerations, etc.)
2) Gauge symmetries were not extracted. These are useful in developing field/wave equations, which is an objective in the next part. Gauge symmetries may or may not make a theory more (or less) physical.
3) Special relativity was considered in principle only, because the speed of gravitational radiation has not been measured. If the speed of gravitational radiation were less that the speed of electromagnetic radiation, the development of gravitational field theories would have to resolve whether the equations should be covariant under additional transformation as well.
Mass-energy equivalence principle was not invoked. Light has momentum but no mass. So, for light we used p = E/c, not m = E/c 2 , to formulate light-mass and light-light gravitational interactions. As regards p = E/c, it is derived in the classical treatment of electromagnetic radiation pressure as well. 4) Quantum theory was used elementarily. The relationship that the energy of a vibrating particle is proportional to its frequency as advanced by Planck to explain black-body radiation sufficed.
Not imposing the boundaries will improve agreements with observations, but, at this starting point, the model will be unnecessarily complex at the cost of the basic physical insight. In the next parts, quantum theory and applicable covariance principles will be considered. The next evolution of the theory of gravitation occurs in 1915. Albert Einstein publishes a general relativity theory, according to which gravitation is due to the curvature which matter (or energy) creates in the field of spacetime geometry. The field of spacetime geometry is the gravitational field. The theory obviates the concept of (gravitational) force and its conventional mediation. The linearized version of general relativity is strikingly similar to classical electromagnetism. Charges are not known to induce any distortions in the field of spacetime geometry. In reality, electromagnetic forces are mediated by electromagnetic fields. That is, in this limiting case, general relativity presents a non-force which is very similar to the mediated force! In the limiting case where the spacetime geometry field is weak, Newtonian gravity works very well. Thus, it is natural (not arbitrary) to explore whether Newtonian gravity could be mediated as well by gravitationally pertinent fields.
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Substituting κ from above in (15), we get u and D. From (B.3) , if m and R are Earth's mass and radius, x = 22.5 m the height of the tower in the Pound-Rebka experiment, and κ as calculated above, we get ∆.
The results of calculations are listed in Chart 1. The observed value of ∆ = 5.13 × 10 -15 supports θ = 1.83 arc-secs gravitational deflection in the framework of the model.
B-3
We opted for Section B-1 over B-2, because in terrestrial experiments non-gravitational and other extraneous effects could be satisfactorily accounted for, controlled, and measured.
Appendix C: One-Dimensional Rod
We derive a mathematically simple relationship between the frequency (ν) of oscillations of atoms (or ions) which constitute a rod and the spacings (d) between them.
Picture 1 shows a one-dimensional rod of mass m constituted of atoms of mass δm ( m) and charge e spaced equally by d. Such an atom at O, under the electrostatic forces of its neighboring atoms at O -and O + , oscillates between points i and j with frequency ν and displacement ε (<d).
Electrostatic force on δm when it is at point i is given below, where Q is the Coulomb's constant:
Similarly, the electrostatic force on δm when it is at point j is given by: That is, ν 2 is inversely proportional to d 3 . C-1 Equation (C.5) is remarkably similar to Kepler's third law of orbital motions.
Appendix D: Comparative Strengths of Gravitational and Electrical Forces
We consider two particles, separated by distance r, each of mass m and charge e.
Static gravitational force between the particles, from (5) and (7), is given by: 
Appendix E: Gravitational Deflection of Light Rays by Mass
Picture 2(a) shows a light ray (ν) at impact parameter d from mass m. The light ray traces a hyperbola and has initial momentum p i and final momentum p f = p i + Δp. The gravitational force F between the light ray and the mass is mediated by their momentum fields. Picture 2(b) shows the vectorial relationships among the momenta. Change (Δp) in momentum (p) of the light ray, from Picture 2(b), is given by:
where p is the magnitude of initial and final momenta. Angular momentum (J) of the light ray of energy E ν before and after the deflection is given by:
By definition, force (F) is given by:
where, in this case, F will be the gravitational force between mass (m) and light ray (E ν ), as given by (14) From Picture 2(a) and Equation (E.4), we get:
Substituting (E.5) and (E.3) in (E.6), and noting that α = (π -θ)/2 in Picture 2(a), we get:
Equating (E.7) to (E.1) and using E v = pc, we get:
Rearranging (E.8), we get:
Appendix F: Gravitational Radiation Emission from Mass in Elliptical Orbit
Picture 3 shows a mass m 2 in an elliptical orbit around another mass m 1 . The elliptical orbit is given by semimajor axis A and eccentricity ε. We derive gravitational radiation power emission from the orbiting mass. The reduced-mass frame will be used. The reduced mass at m 2 is μ = (m 1 m 2 )/(m 1 + m 2 ), and the compensated mass at m 1 is (m 1 + m 2 ). Masses participating in gravitational interactions are neither reduced nor compensated.
From the geometry of the ellipse, we have: From (F.2), (F.6), and (F.13), we get:
We use (F.1) in the r-term of (F.14) to get the θ-term: 
Appendix G: Gravitational Radiation Emissions from Selected Binary Systems
We use (50)-(55) to estimate the magnitudes of gravitational radiation from the moon, Mars, and pulsars PSR B1913+16. We recall that as the eccentricity of an orbit goes to zero, so does the emission of gravitational radiation power.
G-1 Gravitational Radiation from Moon
We will use the following data: [15] Mass of the earth: m 1 = 5.976 × 10 24 kg; Mass of the moon: m 2 = 7.348 × 10 22 kg; October 2015 | Volume 2 | e1921 So far, no gravitational radiation has been detected [20] . There are indirect evidences of the existence of gravitational radiation but no direct evidences so far on the physics of gravitational radiation. In the literature, the
